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fuaairy 

This  papor  raporta  c^rlaaaea  oa  aa  aaataaOy  tarMUntt  boaafary 
lapac*  ftm  opatraaa  portloa  of  Cho  flow  it  ttmitSf  (iH  Clia  maai0»  u 
tba  dooaatroaa  rotloa»  tlio  booadary  lapar  aaaa  a  ItMarlp  doetoaoiii 
fraa>atraao  aalocitp.  Thia  aaloettp  oaelUaUM  ia  tiaa,  at 

fraqoaaelaa  caaglag  froa  saro  to  approaiaatoly  tba  boiritlag  fcagaoaey* 
Coaaldarabla  da  tall  la  raportad  for  a  lonfaaplitada  eaaa»  aof  prallialaai^ 
raoulta  ara  glaaa  for  a  blgbar  aiplltada  aafflelaat  to  prodaea  aoaa  ro' 
aarsa  flow.  Por  tba  aaall  aaplltoda,  tba  aaaa  aaloeity  aad  aaaa  tarba* 
laaea  Intaoaltp  profllaa  ara  uaaffaetad  by  tba  oaelllatloaa.  flia 
aaplltada  of  tla  parlodle  aaloeity  eeapoaaat,  altboagh  aa  aaeb  am  70X 
graatar  than  that  la  tha  fraa  atraan  for  aary  low  frafBaaelaa«  bafeoaaa 
aqaal  to  that  la  tha  fraa  atraaa  at  hlghar  fraqaaaelaa.  At  high  frimnaar’ 
elaa,  both  tha  booadary  lapar  thlekaaaa  aad  tha  layaoldn  atraaa  dlatrlbar 
tloa  acroaa  tha  boaada^  lapar  baeoaa  froaaa.  fha  bahatlwr  at  larger 
aaplltada  la  qalta  alallar.  Moat  laportmtly,  at  aafflalaatlp  high  tea* 
qaaaelaa  tha  boaadary  layer  thlekaaaa  raaalaa  froaaa  at  Ita  aaaa  walaa 
owar  tha  oaelllatloa  epela*  aaaa  thoagh  flow  ravaraoa  aaar  tha  wdUL  dariag 
a  part  of  tha  epela. 


Introdactloa 

Tha  objaetlwaa  of  tha  itaaford  Oaataady  ihrbaloat  WamtaUf  Uyar 
Pragran  ant  to  davalop  a  fwndaaaatal  aadarttiadlag  of  aaeh  Oam\  to 
provlda  a  deflalUwa  data  baaa  whleh  eaa  ba  aaad  to  gaide  tarhalaata  matai. 
dowalopaaott  aad  to  prowlda  taat  oaaaa  whleh  eaa  ba  aaad  by  naagatiita  fhr 
eo^^rlaoa  with  pradletloaa. 

Doe  to  apaea  llaltatloaa,  work  of  other  lawaotlgatam  atii  hat  he 
aaaaanaad  hare,  aneapt  to  note  that  all  tba  ptawloaa  OiigNrlwiii  ate 
eharaetarlBod  by  waataady  flow  at  tba  lalat  to  the  aaataady  ragiea.  Wma  a 
eoaparlaoa  of  tha  praaaat  aaparlaoatal  paraaater  raaga  witfi  liMba  if  eilMt 
laaaatigatlano,  ooa  lafaroaea  1.  Ttm  dlotlaaihLaa  iaidiM  of  Hi  gaeoaeat 
aaparltnta  ia  that  tha  beaadary  layer  at  tha  DAat  to  lia  alheiildlg' pagdt^ 
la  a  otaadard,  ataady.  flat-piata  tarhaUat  haniiaaf  tagaf*  It  ia  ihM 
aohjaetad  to  aaatrallad  oeelUatloae  of  tha  fiae  mmm  mm  tmAm  ia 
aapaelally  tapartaar  fraa  tha  palat  of  wtaw  aft  a  htaplhatk  iha  iMia  fah* 
cloa  apaalflaatloa  of  hoaadaay  aeaditiaaa  far  •aapMeatloa  of  tha  flaia* 


*0.  t.  Aray  daiaaaahaalaa  lahaaataey,  Mittm  Cih  iHii 


OondA 


tlott  •£  tl»  fit— at  ligiMPtowit 

TIm  dMlmd  fnMr»«crMB  ib(s«c)  iM  tte  mwt  vmiml  iMsUt 

for  tida  oock  la  almai  la  Fig*  1«  aw  gi— Ina  itaaiy  aai  oat  fata  far  cka 
flrat  too  aatara  of  baoaiary  lafar  4aaala|aMit*  It  tiwa-iaegaiata  UA” 
oarly  la  tba  taat  aoetloas  tba  aagidtoia  of  tha  aoloelCT  yraJlaat  oarlaa 
alaoaoldally  froa  aaro  to  a  — oaloa  dorlag  tha  oaclllatloa  afcla* 
Tha  aaaa  frao-atra«  ooloelty  dlatrlbotlaa  la  tha  taat  aaetloa  la  thoa 
llaaarly  daeraaalat  aad  eorraapoada  to  tha  dlatrlhatlaa  at  tha  afela  ^Maa 
ai^  of  90*,  ohlla  tha  aapUtate  of  .lapoaad  froo^atraaa  oaelUatlaoa 
greoo  llaaarly  la  tha  atroaaalaa  dlroatloa,  atartlag  at  aaro  at  tha 
aatraaeo  to  a  aaalasa  valoa  of  a^  at  tha  aalt*  Haaea, 

i^,(a,t)  •  ^  *0 

-  "s. - “3 • 

Tha  iaportaat  paraaatara  of  thla  prohlaa  ara  tha  aa^lltoda  parawatar 
a  •  ^o^***^  ^  fraqoaaey  paraaatart  fl^/aw  ^  * 

«t/(2v)  aad  la  tha  thlekaaaa  of  tha  beoadary  layor  at  tha  lalat  to 
tha  oaataady  ragloa.  la  tha  praaaat  Mcparlaaatai 

0,^^  -  0,73  a/a,  •  0.05  a,  0  <f  <  2  ha,  0  <  o  <  0.25,  0  <  9g  <  O.U 

It  ahoold  ba  aaatloaad  that  tha  oaloa  of  tha  frogaaaey  paraaatar  ig 
at  tha  ao-^allad  "haratlag  frofoaaey*  la  tarhalaat  hoaadary  layara  la 
about  0.2  {2].  Ihua  tha  lapoaad-  oaeUAatloa  fgogaaaclaa  ‘oaad  la  tkt 
praaaat  oaporlaoata  covor  tba  raaga  fraa  guaal^atoady  (f  *  0)  to  ualoaa 
approachlag  tba  boratlag  froqaaacy.  lha  raaalta  rqportad  hm  ara  for  taa 
aomdlaoaaloaal  aaplltodaa,  a  •*  0.05  aad  0.25  (aaalaally)*  9m  lattar 
la  aufflclaat  to  eauaa  rovoroa  flow  la  a  tarhalaat  boaadary  laytt  at  tha 
aad  of  tha  toot  aaetloa  durlag  a  part  of  tha  caalllatloa  eyala. 

laaariaaBtal  IhalUty 

ngara  2  la  a  aehaaatla  of  tha  faalUty.  fha  Ihtl  aasaia  eoatraetiaa 
la  folloaad  by  a  2  a  logg  daaalopaaat  aaetloa,  ahara  tha  taat  baftligy 
layar  la  ggeoa  oa  tha  top  aall.  A  eaaataat  haad  aad  a  aaaataat  iMt  ear 
alataaaa  i^ovldo  a  eoaataat  floo  .  Tha  fraarotcaaa  ndoalty  la  tha  daoi^*^ 
apaaat  aaetloa  la  aatatalaad  aalfora  aloog  a  hy  hlaad  fraa  tte  liMd:aia 
uall. 

Tha  Uaaar  doagoaao  la  ftaaratraaa  aaloelty  la  the  taat  .aaaiiaa  'la 
aaeaapUahad  by  aaifaaaly  hlaail^  off  aaaa  flat  thaaevh  da  hMtidi 
la  tha  taat  aaetloa.  tta  raaaladar  of  tha  floa  oalti  dataatgadiiiii  i^ih  J|‘ 


^liiM  CHo  flows  sKlto  tiMi  fwnsol  ttesmfc  slots  is  os  ssoiHstlwg  iI*»o» 
Xhs  dssi^  ssswtss  tkst,  rstsmllsss  oC  tfet  »sstt*ss  of  «ii  sso^yuMli 
puts,  -tte  totsl  flow  scss  sf  Urn  slots  rssitst  tfes  SMM*  410  sloti  oH 
tlio  eoatcolUsg  rssiotosos  of  tlis  sstftoo  si«sslo»  ktsts  llsi  soitNiiiO 
flow.  tinwooidsUy  osoiUstist  ste  fists,  s  llstsirly  fostssslsg 
odlc  ffso-otroos  disttibstioo-ts  sstrsMIstsd  is  ths  tost  ssetisS,  SbUi 
tho  ofotsowo  flow  is  tlo  dowolofost  osetios  rosstso  stsody. 


Fltot  taboo  sto  wood  fw  ssos  ooloeity  sooswrowosto  is  stsody  flow 

oeottor,  Bragt~shtftod  OlfA  Issos  oswowwtot  is  tbs  tersofcist  sods. 

foUowiog  Oiooola  osd  loyooldo  (3),  tho  isotoatoooooo  ooloelty  o^tol 
fros  os  osotoody  torbaloot  flow  soy  bo  docosfoood  isto  thcoo  portst 


o  •  o  ♦  o  ♦  o* 


wboro  tt  lo  tho  BOOS,  8  is  tbs  tisordopoodost ,  ortoslood  (dototsloistle) 
eo^soot,  osd  a*  lo  tbo  rosdos  flsotootloa.  T  lo  dotocslosd  by  los|r 
tlso  ooorotiOi  of  o.  loro  4  is  of  s  forlodlo  sotoaco  osd  soy  bS  dotor* 
slood  by  flrot  phoso-oworoglsf  tbo  isotostosoooo  voloeity  olgsol  osd  ebM 
oobtroetlot  oot  tbo  soos.  Ihos, 

o  -  <  o  >  -  s  Cl> 

Boro  <  o  >,  tbo  fbooo  ororofo  ooloelty,  lo  dototslsod  by  ovotoglsg  ooor 
os  oooosblo  of  sosflos  tobss  ot  o  flood  fbooo  Uk  tbo  ISfOOOd  ooctHlsttos. 
Is  tbo  yroooot  osforiaosts,  wltb  boisosle  ooelllotlos  of  tbo  fcoo  otsoiS, 
tbo  roofosso  ot  prtsM  oitbis  tbo  boosdirry  loysr  lo  obooot  itssiitiW!; 
wltb  bifbor  botsosloo  oostrtbotlBi  loss  tbos  SI.  Boses, 
ostroetod  feos  tbo  tootsstsssosi  i^ssl  o  by  oesSfosgtSlittod  ittUSk  b 
slss  osoo  is  fbsso  odtb  tbo  sssfUsrlss  A  ddgitsl  ooitoitiiHr  ti#  311^) 

woo  wood  to  dotosolso  oross-  oostolotisss  ItStfii  to  tts  1  Biti  roigtiif 
boro.  Oorrostly  o  wm  BIBI«11  Idiissttey  sistooafsitr  sysBlB  ii  i»oi  mt 
ootesotio  dots  sofoisltlos  sod  ytwMNMtSB,  oUsWH  till  ^dlBififBilbbii^  BIT’ 
fbooo  osorogoo  of  o  osd  s*^. 

loeotloo  mut  tbo  osd  of  tbs  tost  ssttlos  st  s  •  •  B.Sil  s. 


SiM  m&m  ^mloeitj  pnfiiM  mmtmmt  tit  ogtlllflnf  plMi  la 
f&Mi  pBittKat  •  •  0,  90*.  li0*  m»  fit  ^9  Mwi  tittf  la  fit*  ^* 
fhaM  fijjtii— flaMi"wrgtrt  ^  tata  ffttataif ,  >  fant*- 

•tMfjr  pt^Uat.  At  tfeia  jaiiiuHi  (a  «  ^  twftatt  »f  tla 

baaaiMfy  lapav  is-id«Mt  II— y,  Mi.tttt  tla .jaiiiAa ^itrit|wiBlHi  t«  •  • 
90*  liM  oMTlp  aitfwqr  tat— a  tta  9  •»  0  ait  ifO^  pt^iita.  Ilia  90* 
prefUa  rapr—ata  tta  aaaa  ptattia  fat  ftatl-atiaiy  aaatl3U|tiaai.  fta 
dlffara—  tatvaaa  tta  0  aad  90*  pcafllaa  at  a  flaad  p^lacsatlaa 
ra^aaaata  tta  aaplitada  ai  taaat^taaif  aaeiUatlaat  at  tilit  iaiatlaa  la 
tta'taaaiacj- lapar.  Mata  that,  tta  — ai-!>ataaip.ia911taiaa  la  tta  taaaiarp 
Imfut  mem  largar  tliaa  tta  fraa-atcaaa  aagdltada. 

Tta  ataa  aalaelta  ptaf ilaa  aaaaarai  uailr  aaeiUatatp  aaaiitiaaa  at 
0.9  te  aad  2.0  ha  ara  ahaaa  aa  data  pel—  la  fig.  3.  Mata  ^t  tta 
aaaa  aalaeltp  praf Ilaa  at  aariaaa  fraqo—laa  arm  Idaatleal  wltlb  tta  pra^ 
fUa  aaaaorad  uadar  atatlaaarp  aaadltlaa  alth  palaar  aagla  aat  at  t 
90*.  It  aap  ta  caaclodad  that  tta  aaaa  aalaeltj  —file  (at  a  fttad  aar 
plltada  a  •  O.OS)  la  ladapaadaat  af  tta  lita***^  aaelllatlaa  ftagaeaep  la 
tta  aatlra  raaga  0  ^2  ta.  Tta  aaaa  tahavlar  paralata  all  tta  aqr jta 

ta  tta  aall. 

Thla  tahaalac  af  tta  aaaa  aalaeltp  prafUa  aap  ba  aaplalaaf  tp  at 
aaaalaatlaa  af  tta  tatavalai  aqaatlaaa.  Oaa  af  (1)  la  tta  acnaatta  afaa- 
tlaa  aad  tiaa-aaaraglat  plalda  - 

I— tlaa  (3)  aap  ta  raeafalaad  m  tta  afaatiaa  ttaataiMt  aa  :atiiwaiy^-tag* 
hal—  haaadarp  lapw,  aaaapt  far  tta  adOltiaa  af  tta  I— I  ataali 


test  #1  kki  MUUMAtA 

far  f*0  at  0«90*.  ta 


a  ita 


if  —  at 


I :  aaiatiliy ^ 


•  Ita  tafooiia 


tath 


dj^HM 

WW» 


<■  vf  %  'C 


«•  stMll  M»  «rgiM  that  Mltter  of  tho  obooo  it  aot*'"  VigttM 

4  obaw  tbi  Moourod  ttocrlkoefim  of  oj^  uaAmc  otttioii«3^  coaiiciM 
with  tho  poloor  at  •  •  90*  (  tha  Maa  poaitloa)  aa  aoU  ai  tiaaa  aaa- 

aovoA  tndor  oaelUatocy  eoadltlaaa  at  ^aaqaadrtaa  vf  aa  2  bm,  loca  tkat 
9^  la  lad^^mdaat  of  tba  lapaaad  oaaiHatioa  frogaaBty  aa^  foKthag» 
that  It  la  tha  aaaa  aa  that  aaaaatad  at  f  ••  0  aad  9  •  90*.  Vt  bii^aioa 
that  tha  aaaa-aaald  ha  troa  fMr  -5*?**  altfah  at  yraaaat  aa  eaaaot  aaa- 
aura.  ficora  S  gloaa  a  coi^arlaoB  hataaaa  aaaaoxad  oaiaaa  of  ^  at  2  ha 
with  data  oa  -  a*o’  ohtalaad  by  Aadaraoa  (4]  la  a  ataa4y  advoraa  yroaawa 
gradlaat  boaadary  layar  at  coaiyaraMa  eoaditloaa.  Iha  i^aaaat  data  oa 
S7  wara  .obtaiaod  -hy  -aopatato:  1S4  aoaaavaaoata  of  a  aad  ▼  aad  thatr 
roapaetloa  phaaaa.  It  aay  ba  aaaa  that  tha  eoatrlbetloa  of  So  to  total 
layaolda  atroaa  la  laalgalfleaat  ooar  alaoat  tha  Mtlra  boaadary  layor* 
Baaea*  0*0'  la  ladapaadaat  of  fraqoaacy  aad  or  la  aagllglbla,  a^  ae 
tha  aaaa  oaloelty  proflla  la  alao  ladapaadaat  of  fraqaaoey  aad  la  tba  aaaa 
aa  that  fooad  at  f  ■  0  with  9  ■  90*. 

Iba  bahovlor  of  tha  parlodle  eo^oaaat  0  will  aaxt  ba  aaaalaad.  Ha 
daaota 

®  •  ^(y>  coalot  t  4(7))  (4) 

Tha  profUaa  of  aaplltadaa  a^  aaaaurod  la  tha  boaadary  layar  aad  aoraal- 
laad  by  tha  froa-atraaa  aaplltodo  a^^«  ara  ataaiaa  la  Tig*  6*  Tba  ptofUa 
for  qaaol^ataody  <f  •  0)  oaelUatloaa  oaa  dotoaolaad»  aa  aaplalaad  a«r* 
liar,  fraa  tha  aaaa  oaloclty  profUoa  aaaaarad-at-  f  •  0  wltb  9  •>  0, 
90*,  aad  190*  (aoa  flga.  3(a),  (b)).  Hoto  that,  terlag  qaaal*>aiwidy 
ooclllatloaa,  tha  aapUtada  la  tha  boaadary  layar  aacaada  tba  fraa-atrata 
aapUtoda  by  aa  aucb  aa  702.  It  aay  ba  aaatloaad  that  data  for  f  ■  0*1 
ha,  aot  ahoaa  mi  fig.  9,  do  ladMd  eoaa  oary  eloaa  to  tha  fqaal-ataa^ 
bahovlor* 

Aa  tha  fraqoaaey  la  laeroaaad,  tha  aapUtada  althia  tha  beoiidary 
layar  la  attaaaatad.  Tha  aaplltodo  appaara  to  dr^  aa  f  la  lawaaaad 
aad  thaa  rlaa  agala.  At  high  fraqoaaeloa,  tha  aapUtaia  la  aaat  of  tha 
boaadary  layar  la  tha  aaaa  aa  la  tba  fraa-atraaat  aaar  thi  aall  tba  a^pll- 
todo  of  tba  parlodla  coopoaaat  rigidly  dcapa  to  aaca* 

Tha  pbaaa  dlffaraaeaa  bataaaa  tha  boaadary  layoa  oaalllatlaia  aai 
f raa-otraaa  oaelUatloaa  ara  ahaaa  la  fig*  7*  far  f  •  0  thUNi  la  aa 
phoaa  dlffaraaao*^  Tba  largaat  yhaaa  logo  la  tim  aatar  rai^Uni  of  tba 
boaadary  layar  aara  obaarvad  at  f  •  0«2S  ha*  8Mi  iiilttt  W 
tba  fraqoMcy  la  to  rodaea  tha  pbaaa  lag  it  tba  oM^  togiab,  lag  Kb 

-5- 


iatredues  l«rt«  phm—  I— d«  la  tli*  tagioa  varj  eloaa  ta  tte  aaU* 
Claarly,  th*  aa^ivtotle  bahaalor  of  tho  oatar.  for  high  frofooBCioo 

la  oaea  agala  a  aaco  phaaa  lag  with  raapaet  to  frao-atroaai  oaelllatloaa, 
aa  la  tha-^oaol-ataadr'oaaa. 

At  high  fragaaaelaa,  tha  acahloatloa  -of  tha  aa]^totle  haharlora  of 
♦  Itt  tha  oatar  raglooc  tagathar  alth-thajeaet  that,  tha  awaa 
aaloeltj  proflla  la  oaaffaetad  hp  tapoaad  oaclUatloaa,  haa  tte  offaet^f 
fraaslag  tha  bouadarr  layar  thiekaaaa.  Thla  Aa.  ahaaa  la  Fig. -8,  »i»ta  tha 
phaaa-aawagad  boaodarj  lapar  rhlekaaaa  <  >  la  plottad  aa  a  foae- 

tloa  of  Aho..oyela:  phaaa  aagla.  f«r.  aavoral.  Jraqaaaelaa..  Tha  .qoaalrataady 
haharlor  of  -  <  «  >  ia  qulta:«hvloaar.  at  8  -  0,  tha  -bouadary.  layar 

la  tha  taat  aaetloa  eoatlaaaa^  to  daaalop--aadar  a  aaxo  -praaaora- -gradlaat 
aad  la  tha  thlaaaat  at  thla  polat  la  tha  aatlra  eyela<  Aa  tha  phaaa  aagla 
la  laeraaaad,  praaaara  gradiaata  of  Ineraaaiqg  advaralty  are  l^oaad  oa 
tha  haaadary  layar,  eaaalag  it  to  thlekaa.  Tha  aaalatat  thiekaaaa  la  at> 
k*lAod  at  8  "  180*  undar  tha  aaaiaaB  adraraa  praaaara  gradlaat*  htoea, 
at  f  *  0,  d  oaelUataa  180*  out  of  phaaa  with  a^. 

Oadar  oaalllatory  eoadltloaa  at  f  •  0.25,  0.5,  aad  2.0  ha,  two 

thiaga  happaat  a  algalfleaat  phaaa  lag  daralopa  froa  qaaal**ataady  bahawlor 
aad  tha  aiplttiida  attaauataa  with  lacraaalqg  fraquaaey.  for  the  f  ■  2.0 

eaaa,  tha  warlotloa  owar-  tha-eoaplata . cycla-la  laaa.thaa  IZ  aad  tha 

haaadary  layer  thiekaaaa  la  praetleaUy  froaaa  durli«  tha  oaelllatloa 
cyela. 

It  aay  ba  ahowa  by  a  alapla  argoaaat  baaad  oa  a  alzlag  laagth  aodal 
of  booadary  layar  tarbalaaea  that  tha  fraaali«  of  tha  bonadary  layar 
thiekaaaa  at  high  freqaaaelaa  la  aloe  aeceapaalad  by  fraaalag  of  the  lay- 
aolda  atreaa  owar  tha  oaelUatloa  cyela.  1b  prova  thla,  wa  hypothaalsa 
that  tha  phaoa-awaragad  Bayaolda  atreaa  dlatrlbatloa  aay  ba  ralatad  to  tha 
phaaa-avaragod  waloelty  profile  la  tha  aaaa  aaaaor  aa  for  a  ataady  boaad> 
ary  layar,  l.a., 

-  <  a»w»  >  ■  «^  *  ^  •  **j*  ^  (5) 

■»«,  la  tha  Qatar  ragloa  of  tho  bnaadary  l^ror,  tha  alalag  laagth  1  aay- 

ba  aadalad  aa 

*  -  A  <  d  >  <8  ) 

irtiora  X  la  aoarly  a  aoaataat.  lab, 

<tt>  •  a  +  a  •  a  +  aj^(y>  aooCat  ♦  Hj>i  Of 


6- 


ili  eiM  UfllLt, 

«j(y)  ■  -  CMWt  t  Hf>  •  0  apkl  <  «  >  -  T  gj  ■  eoMt. 


Iharttfora 

Co^ialni  tlM  «b«v«,  OM  flada 
-  <  u 


r-  -i2 


m  .  u^if» 


(•) 

<10) 


l.«.,  thi  phas^a^ratad  lajmolda  atraaa  ia.  tha  outar  ragioa  alao  baeoaaa 
frosaa  at  -  n*r*  • 

Bxparlaaatal  aaldaaea  of  thia  atraaa-fraaslat  babaaior  «aa  obtataad 
bp  aaaaaraMata  of  pbaao^aaorafod  aonal  torbolaat  atraaa  <  >•  Iba 

qoaal-ataadp  (f  ■  0)  profUaa  of  <  u*^  >  ara  ahomi  la  Fig*  9  for  tbroa 
pbaao  aaglos  9  >  0*«  90*,  aad  180*.  Rota  that  tba  dlatrlbatioa  for  90* 
llaa  aoarlp  aidwap  botvaaa  tboaa  for  0*  aad  180*.  Iba  dlatrlbatioa  of 
<  n*^  >  for  90*  la  tba  aaaa  aa  tba  dlatrlbatioa  of  a'*,  aa  aaaa 
aarllor.  Ibarafora,  tba  dlffaraaea  bataaaa  tba  0*  aad  90*  eorvaa  la 
fig.  9  rapraaaata  tba  anvlltada  of  4aaal**ataadp  oaelUatloaa  of  <  a'^  > 
at  a^p  polat  la  tba  boaadarp  lapar.  Ibia  aapUtoda  aaa  dataraiaad  graph- 
leallp  froa  llg.  9  ood  ia  plottad  la  fig*  10  for  tba  eaaa  of  f  ■  0. 
Uadar  oaelllatotp  eoadltloaa,  tba  oapUtada  of  tba  aoraal  atraaa  oaeil- 
latloaa  la  tba  boaadarp  lapar  attaaoataa  aa  tba  fraqoaaep  of  lapoaad  or- 
elUatioaa  la  laeraaaod  froa  f  •  0.  At  f  •  2.0  ba,  tba  aa^Utada  of 
atraaa  oaelllatloaa  aeroaa  tba  boaadarp  lapar  la  alaoat  aaro  aawr  tba 
oatar  rogloa,  oa  oooa  la  Pig.  10,  l.a.,  tba  otraaa  la  alaoat  froata  omt 
tba  oaclllatloa  epela. 


fabaaiar  Bbdat  largo  doalitaioi  of  baaoaad  OaamaUoaa 

Ob  aaa  dlaaaaa  tba  c«M  of  o  •  0.25*  All  data  rdlortad  for  tida 

i 

eaaa  ata  prallalaacp  aad  oiAJaet  t»  raalaioa.  fhiqr  aca  laaladad  boro 
baaaaaa  of  thaic  apaaial  iacaraat  to  ebia  oaatlag.  Alao*  boeaaaa  of 
apparatoa  paeoMarltlga,  a  oariba  . taoniat  atftidl  f  ia  tbCa  eaaa, 
baaao  0*29  la  oidLp  a  aaaiaal  aatai. 

Iba  babaoiat  ia  gaalitatiw^  alattlar  ia  tii  a  •  O.0S  OiM*  ^ 
oaea  aalaaitp  pfafilaa  fa*  f  •  0«2S»  aad  2*0  la  a*o«#pNi  ia 


fig.  11. 
0.5,  aad 


at  f  •  0, 

ia  a 


-7* 


2.0  IM 


of  f  •  0.25, 


aciOD  MMlta  froB  aaMMlaa  thlak—iag  of  tte  bowMtecj  lajar  durlas  a 
part  of  tte  oacillatioa  cpela  arooad  tte  pteaa  aagte.  of  IM*«  Xba  bloek- 
aft  affaet  of-  aB"OKoaaivoly  thick  booadacy  layor  -caoaoo  oa  iaetooao  -lo 
tte  local  froo-atrocB  ooloeity  lo  tte  taat  aoetioo*  Thorofora,  tte 

4 

I  doalrod  llaoarly  doeroaaiag  froaratroao  roloel^  dlatrlbotloo  io  oat 

achlorod  ovor  a  part  of  tte  eyelo.  -  At  -hithar  froqooaelaa«-  thoogh,  tte 
braadary.  layor  thlckaoaa  oror  tte*  oatiro  -oacillatioa  eyelo  dovlatM  rory 
little  free  Ita  aoao  raloa,  eorraapoadiag  to  tte  0  90*,  f  ■  0  eoa- 

ditloa* 

Iho-boterlor  of  tte  ai^itoda  ratio  aad  phaaa  diffaroaeo  with  roapoet 
to~ free -otraaa,  aa  ateoa  ia.yiga»  12  aad  13,  la  quite  aiallar  to  that  for 
tte  louer-aaplituda  eaaa.  At  high  fraquaaey,  tte  orarahoot  ia  tte  aapli- 
toda  ratio  diaappaara  aad  phaaa  aoglaa  over  aoat  of  tte  boundary  layer 
approaeh  aero.  Vary  eloaa  to  tte  uall,  there  ia  a  taadoaey  to  develop 
phaaa  laada. 

The  phaaa-avaraged  velocity  profilea  for  f  •  2.0  he  are  ahoim  in 
Pig.  14.  Note  that  at  6  •  180*  thare  ia  a  aaall  region  of  revereod  flow 
eloaa  to  the  wall.  Oeapite  thia  flow  reveraal,  tte  boundary  layer  thiekr 
naaa  reaalna  eloaa  to  ita  noan  valua,  aa  aeon  ia  Fig.  IS.  Thia  behavior 
la  la  eontraat  to  that  of  a  ateady  boundary  layer,  where  eseeaaive  thiek- 
eaing  of  tte  boundary  layer  oeeura  aa  flow  reveraal  la  approached.  At 
low  freqneney  (f  •  0.25  ha) ,  tte  thiekaeae  oaclllatea  aa  -oneh  aa  ±  402 
about  tte  aean  value;  however,  at  f  •  2.0  ha  thia  variation  ia  only 
about  ±  SZ. 


Concluaioua 

Tte  eoaelualona  froa  our  e^rlaenta  to  date  aay  be  anaaeriaed  aa 
foUowa: 

1.  The  aean  velocity  profile  te  tte  boundary  layer  la  unaffected  by 
iBpoaod  frewatreaa  oaeiUatioaa  la  tte  range  of  froqueaeiea  aa* 
pl^red,  aad  it  ia  tte  aaaa  aa  tte  one  aeaaured  with  a  free-atreaa 
valoci^  diatributioa  held  ateady  at  ita  aaaa  valua. 

2.  Thia  behavior  of  tte  aoaii  velocity  field  ia  a  eouaequenee  of  two 
otearvationai  (a)  tte  tiae  averaged  teyaolda  atreaa  diatributioa 
acroaa  tte  boeadary  layev  ia  uaaffoctod  by  tte  iapoaod  oacillatioaa 
aad  ia  indood  tte  aaaa  aa'  tte  oae  aaaaurad  with  tte  fraa*atreaa  vel* 
ocity  diatributioa  hold  ytoady  at  tte  aaaa  value;  aad  (b)  tte  ■a]r‘ 
nelda  atroaaea  arieiag  fM  the  orgaaiaed  velocity  fluctuatioaa  under 
iapaaed  eeciUatory  coaditloae  ere  negligible  ceapered  to  tte  tey* 
nelda  atraoaaa  due  to  tte  raadca  fluctuetlone. 


3*  1b«  aaplltod*  of  tbo  porlodle  eo^eaoot  ia  tho  boundary  layar  ondar 

qoaal-acaady  osclUatlona  (f  0)  la  aa  aneh  aa  70Z  largar  than  tha 
laposad  fraa>atraaa  aaplltuda.  BouoTar,  at  higbar  fxaquanelao  tha 
paak  aaplltuda  la  tha  boundary  layar  is  rapidly  attanuatad  touard  an 
aaynptotle  baharlor  whara  an^ltadas  in  tha  outar  Taglon  of  tha 
boundary  layar  baeoaa  tha  aaaa- as -tha  fraa-atraan  aaplltuda »  dropping 
off  to  saro  la  tha  naar-wall  ragloa. 

4.  Quasl-ataady  boundary  layar  raloelty  raaponaa  la  In  phaaa  with  tha 
laposad .-.Irao-straaa  oscillations .  As  tha.  fraquaney-^ls  Ineraaaad, 
phasa  lags  bagla  to  daralop  .-In -rtha- .outar-  ragion-  of  -tha- boundary 
layar.  Tha  aagaltuda  of .  thla  phaaa  lag  raaehas  a  aasiaun  and. than 
daeraasaa  with  Ineraasii^  Jraquaney  until  .an  asyaptotle  llait  Is 
rcachad  idwra  tha  outar  ragion  ones  again  rasponds  In  phasa  with  the 
fraa  straan.  Maar  tha  wall,  howawar,  larga  laad  anglas  ara-  prasant 
at  higher  oscillation  fraquanclas.' 

5.  A  consaquanca  of  (3)  and  (4)  abowa  Is  that  tha  boundary  layar  thick¬ 
ness  baconas  nearly  froaan  over  tha  oscillation  cycle  at  higher  fra- 
quanclas.  This  ranalns  true  even  If  flow  rawarsal  takas  place  in  tha 
naar-wall  ragion  orar  a  part  of  the  oscillation  eyela ,  as  in  tha 
larga-anplltuda  ease. 

6.  A  consaquanca  of  (3),  (4),  and  (3)  above  Is  that  tha  Beynolds  stress 
distribution  In  the  outer  region  of  tha  boundary  layer  also  baconas 
frosan  over  tha  oscillation  cycle  at  higher  fraquanelas. 
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